In this paper, the authors describe and demonstrate how a three fingered gripper can be designed and simulated to provide both gross motion and fine motion to the fingers. Satisfactory motion responses for the finger simulation are achieved. The fine motion including force feedback and the gross motions, which orientate the fingers into their approximate configuration are provided by a classical PD control strategy. The force controlling gripper in contact with the environment is very important in industry applications. The fingers are to be controlled in a manner which mimics the kinematics and dynamics of the thumb force finger and index finger of a human hand. This mimicry is required to design the correct motions and tactile forces necessary to handle delicate and non delicate engineering components. In order to evaluate the design philosophy and capability of the three fingered gripper, a challenging assembly process has been identified. This is assembly of a gas regulator valve which is currently being manually assembled since the dexterous motions of the human hand out perform current automatic assembly strategies. The three fingered gripper assembly was built using Solidworks software tool, and it's mechanical assembly representation was established in SimMechanics.
Introduction
Robotic hands have been developed with the aim of copying the human hand in terms of dexterity and adaptive capabilities to function as either a manipulator or as a prosthetic device. Pioneer designs include: Okada's hand (Okada, 1982) the Stanford/JPL hand (Salisbury et al, 1982) , the Belgrade/USC hand (Bekey et al, 1999) , the Utah/MIT Dexterous hand (Jacobsen, 2001 ) and the LMS hand (Gazeau, 2001) . However, significant efforts have still to be made to find designs simple enough to be easily built and controlled, in order to obtain practical systems (Bicchi, 2000) . To overcome the limited success of the early hand designs, considerable emphasis has been placed in reducing the number of degrees of freedom (DOFs) without sacrificing dexterity and thereby reducing the required number of actuators. In particular, the SSL hand (Akin, 2002) , the Graspar hand (Crisman et al, 1996) , the DIES-DIEM hand (Biagotti et al, 2001) , and the TBM hand (Dechev et al, 2001) have followed this path. There are a few prototypes which use a smaller number of actuators but do not decrease the number of DOFs. This approach, known as under actuation can be implemented through the use of passive elements including springs to a mechanical adaptation of the finger to the shape of the object to be grasped (Hirose et al, 1978) - ( Massa et al, 2002) . A similar approach consists of using elastic phalanges, which increase the adaptation capability but decrease considerably the strength of the grasp (Schulz et al, 2001) .
In a complex handling system, the gripper although small is a significant part of the entire system (Guerry, 2001) . Grippers can be the most design-intensive components of an assembly system. Proper gripper design can simplify the overall assembly, increase the overall system reliability, as well as decrease the implementation cost. Whilst grippers have been widely used for automated manufacturing, assembly, and packing, etc, very little attention has been given to the research and design of grippers for the high speed assembly of compliant elements. Initial work in gripper design included a multitude of different gripper designs, including grippers with stiff fingers and/or flexible fingers, vacuum grippers, and magnetic grippers (Lunstrom, 1977) . A mechanical hand has been developed based on the basic prehensile patterns of a human hand and the designed hand can grasp all basic shapes such as rectangular and triangular prisms, spheres and cylinders (Skinner, 1975) . In Japan, significant work has been undertaken in which the shape, structure, and motion of the human hand is simulated for the design of grippers (Okada et al, 1977) . The soft gripper has been developed that is able to conform the outer contour of objects of irregular shapes and hold them with uniform pressure distribution along the length of the fingers (Hirose et al, 1977) . A creative approach to designing industrial grippers by using kinematic structure database, which contains general information about robot gripper mechanism, kinematic structures, function, type of drive mechanism and applications is presented (Lee, 1982) . Classification system for grippers has been developed based on factors such as size, position and orientation of gripping forces. This method is used to determine additional design constraints based on the final installation and activities that the robot would be performing (Kolpanshnikov et al, 1979) . The new anthropomorphic robot hand was designed as a dexterous end-effector that can cope with a wide variety of tasks and object encountered in its environment (Kyriakopoles et al, 1977) .
Robot fingers and hands are usually confronted with a situation in which a few contact points of each finger take place simultaneously and must be maintained so that the captured object does not slip from the grasp. To this end, a number of methodologies to achieve stable control and dexterous manipulation tasks have been proposed, and a number of related studies published in the late 1980s. They also propose a geometric approach to determine the strength of this. Their study noted that the concepts "forced the closure of" (Reuleaux et al, 1983) and "form closure" (Lakshiminarayana, 1978) are essential for complete refrain from captured objects. Then, forcing the closure of system is formulated (Nguyen, 1986 .Therefore the strategy for computing optimal internal forces that can be explored actively. A direct-calculation method to capture the style and provide the optimal internal strength so that the internal dependency friction force on the fixed contact is minimized (Ji et al, 1988) . The grasp forces required for stable grasping can be reduced to a linear programming problem that considers friction and joint torque limit constraints (Kerr et al, 1986) . These studies, however, were based not on dynamics but on statics with kinematic and geometric description. An analytic grasp models, quality measures and constraints are used to solve the problems of choosing a grasp (Cutkosky, 1989 ) . Furthermore, the kinematics of rolling between the object and fingertip surfaces using velocity and the normal constraints and systematically derived the dynamics of grasp containing the rolling task (Cole et al, 1989 ) . In addition the optimal grasp of an object using differential geometry so that a task could be applied efficiently and robot motion planning could be found under nonholonomic rolling constraints (Li et al, 1988) and . For the first time emphatically described grasping and manipulating the forces that can be used independently to control input applied to the robot hand (Kobayashi, 1985) . Moreover, the architecture of control based on the decomposition schemes of grasping and manipulating forces in the presence of coulomb friction between the target object and the robot fingers (Yoshikawa et al, 1988) and (Nakamura et al, 1989 ) This fundamental type control scheme, such as independent grasping and manipulating motions or forces, has been clarified and is often employed by the robotics and automation researchers. Therefore, an extraordinary number of theoretical analyses of manipulators and robotic hands have been proposed, and their successful application in control strategy became a well known way to move manipulators and robotic hands. After the 1990s, these manipulation problems were further developed, and these control techniques were applied to a number of robots. Examples are: the learning force control for a position controlled robotic manipulator was established to compensate the uncertainties regarding stiffness of the constraint environment in an iterative manner (Qiao et al, 1999) ; the problems of force control by considering the force sensing method without changing the control architecture is solved and improved Seiichiro, (2007) ; a method for automatic grasp generation based on object shape primitives by demonstration (Johan, 2008) ; the simulation of a robotic manipulator in MATLAB/Simulink and visualization of robot systems using general dynamic engines and graphical languages (Leon, 2008) ; simulation of a multifinger robotic gripper of dexterous grasping (Ohol, 2008) .
In this paper the authors describe how a three fingered gripper can be designed and simulated to provide both gross motion and fine motion to the fingers. The fine motion including force feedback and the gross motions which orientate the fingers into their approximate configuration is provided by a classical PD control strategy. The fingers are to be controlled in a manner which mimics the kinematics and dynamics of the thumb force finger and index finger of a human hand. This mimicry is required to design the correct motions and tactile forces necessary to handle delicate and non delicate engineering components. In order to evaluate the design philosophy and capability of the three fingered gripper challenging assembly process has been identified. This is the assembly of a gas regulator valve which is currently being assembled since the dexterous motions of the human hand out perform current automatic assembly strategies.
Robot Finger Design
In order to demonstrate the expediency of the described robot hand approach, we have developed a three fingered hand prototype by developing two fingers: index and middle finger and thumb in a 3 dimension model with Solidworks software (Widhiada et al, 2010) . Actuators, position sensors and force sensors have been integrated in the hand structure.
Architecture of Robot Finger:
The dexterous robot gripper is equipped with two identical fingers (index and middle finger) and a thumb. An actuator is installed in each joint of the fingers and thumb. The joints of the finger, the distal interphalangeal (DIP), proximal interphalangeal (PIP) and metacarpophalangeal (MCP) joints each have 1 DOF to provide a rotation movement.
The prismatic sliding joints are also installed at each fingertip of the fingers and thumb. The architecture of the three fingers is show in Figure 1 . The thumb has been designed in order to complete the hand and it has three degrees of freedom. A prismatic sliding element is installed at the end of each finger to facilitate the handling of awkward small compliant geometries. The thumb is both able to flex and extend. The index and middle finger prototypes have been designed such that each finger has three degrees of freedom. The prismatic sliding joint is again installed at the end of the fingers to handle small and awkward objects. In order to simulate the finger motions each revolute joint has an associated Servo DC motor attached to it. The extension finger tip is also controlled using a DC motor Servo driving a rack and pinion.
Kinematic and Dynamic:
Based upon considering the motion of the human finger a simplified robotic finger has been designed. This finger is equipped with four degrees of freedom, three revolute joints and the single prismatic sliding element at the end of the finger. Each body of the finger has masses attached that represent the revolute joints of the finger. The kinematics of the physical model of the thumb is shown in Figure 2 . The mass of body , the length of link and the inertia mass moment of the related links are the set of parameters of a finger. a, b and c are the distances of the mass centre of the first, second and third link, respectively.
represents the mass of the joints and is the joint angle of the related link. The fingers dynamic equation can be expressed as, A mass spring damper is acted at end of finger tips to connect with environment. By Newton's third law, the spring applies equal and opposite force to the two bodies. In the translational joint, the displacement x along a prismatic axis, and is the prismatic DoF's linear speed, then the damped spring force acting along this prismatic and between the bodies connected by joint is
The model parameters are the spring k, the natural spring length (offset) , and the damping constant b.
Actuation Mechanism:
A DC-Servo motor (DC-SV) is assumed as a pure torque motor. The advantage of a servo motor is precise rotational control which is based upon the number of steps/rev and its associated gearing. Rotational control is undertaken by a rotational potentiometer connected to the shaft. The feedback is used as a signal to a motor controller which will stop the rotation of the shaft via control of the particular motor in use.
Physical Modelling
Using SimMechanics, it becomes possible to model and simulate mechanical systems with a suite of tools to specify bodies and their mass properties, their possible motions, kinematic constraints and coordinates system and to initiate and measure body motions (Wood et al, 2003) . The three fingers gripper assembly was built in Solidwork tool, and it's mechanical assembly representation exported using SimMechanics. The CAD assembly in Solidworks program is automatically changed to a physical model in XML for import to SimMechanics software (Mathworks, 2009 ). The physical model was created using SimMechanics which assumes that all systems are made of bodies with different DOFs, specific positions, orientations and masses. This model can be used to simulate flexion motion of the fingers. The wrist is modelled by a solid which provides no DOF, the MCP joint is modelled using a revolute block which provides only one DOF (no adduction /abduction motion). The PIP and DIP joints are also modelled using revolute blocks. The palm and the phalanges are modelled using body blocks, which provide the orientation with respect to the general coordinate system (the ground block), the length, the mass, etc. The physical SimMechanics model of one joint of finger is shown in Figure 3 . In this model has machine environment block (Env), ground block, two bodies block as wrist and arm, revolute joint and weld joint, joint actuator, sensor block and joint spring and damper. The machine environment allows us to view and change the mechanical environment setting for one machine in our model. The Env block is connected to the ground block, which allows us to input gravity as a variable simulink signal. Weld block represents a joint with no degrees of freedom. Two bodies connected to either side of the Weld block are locked rigidly to one another, with no possible relative motion. The body block represents a rigid body with properties. Each body of the model has mass and moment of inertia tensor, the coordinates for the body's centre of gravity (CG) and its own co-ordinate system (CS), which is expressed with respect to the CS of the body immediately placed before it. Every joint has to be actuated using a joint actuator block, which provides the value of the rotation angle. The motion of the fingertip is captured using a position sensor block and plotted using a scope block. Using SimMechanics can be applied to define forces in joint friction and the joint spring. In addition SimMechanics also features a tunable contact model for which the contact spring rate and damping for the joint limits can be attached. The spring mass damper block is installed in the prismatic joint to compute the applied force when one finger is contacted with others. Suitable values of spring and damping constants are set up in the spring mass damper block.
Control of Fingers
Position control is used when the robot finger must be moved with or without load along a prescribed trajectory through the robot finger workspace. The control system of robot fingers is simply a collection of joint controllers each of which is dedicated to a single joint and drives it individually. The reference signals for these controllers are supplied by a joint trajectory generator determining the desired joint trajectory from the desired trajectory of the gripper. The joint controller is a feedback controller having two terms respectively proportional to position and velocity errors and introducing proportional and derivative actions (P-D control). 
Based our previous research on control and simulation of three fingers gripper using a classical PID control, the transient response of motion was considered too slow (Widhiada et al, 2010) . Choosing an incorrect value of integral gain caused an unstable signal response in the system with high oscillation. The motor and finger dynamics include some integral effects, hence it was possible to achieve low or zero steady state error without integral control action. The command of the robot gripper is expressed in Cartesian coordinates of the finger gripper. Using the inverse kinematic problem formulation, these coordinates become displacements which are used as the reference points for the control algorithm. A proportional and derivative controller is designed for positioning control of the robotic finger. Two suitable constant gain values for PD control of the robot finger used in the simulation are given in Table 1 . The prismatic sliding element is attached at each fingertip where it can translate up and down. The extension element is used to pick up and manipulate small awkward elements such as rubber seals and springs typically found in a domestic gas regulator. We can control the displacement (x) of the sliding extension using PD control. The actual desired response of the prismatic sliding element is shown in the simulation. The PD control scheme is linked to the joint actuators.
In this task there are three position configuration set points of finger which can operate by simulation in Matlab/SimMechanics. The reference of finger positions is show in Table 2 as below, Where, are joint angle of three fingers Gripper in degree. are the position of prismatic sliding elements in centimeter.
Simulation Result
A satisfactory of transient response for the finger simulation is achieved when the rise time is 0.0288 sec., setting time is 0.0784 sec., overshoot 10.3 % . The fine motions simulation results are presented in Figure 6 to 17 and are respectively for sensors in the MCP joints, PIP joints, DIP joints and the prismatic sliding joints. In addition the force simulation results are presented in Figure 18 . In Figures 6, 7, 8 and 9 are simulation results for the first position of set point fingers. In Figure 6 show the desired stable angle for joint 1 and 2 of thumb are achieved smoothly in less than 0.1 sec and also in 0.1 sec the speed and angular acceleration was stable. In Figure 7 and 8 presented the desired fine motions in index and middle finger first position such angle, angular velocity and angular acceleration were stable in less than 0.1 sec. The first position for prismatic sliding element response is shown in Figure 9 and the desired translation of 0.02 is achieved smoothly in less than 0.1 sec. Figure 10 show the desired angle for joint 1 and 2 of thumb are achieved smoothly in less than 0.1 sec and also in 0.1 sec the speed and angular acceleration was stable. In Figures 11 and 12 presented the desired fine motions for index and middle finger of first position in joint 3, 4, 5, 6, 7 and 8 and angular velocity and angular acceleration respectively were stable in less than 0.1 sec. The prismatic sliding element response is shown in Figure 13 and the desired translation of 0.02 is achieved smoothly in less than 0.1 sec. Figure 14 shows the desired stable angle for joint 1 and 2 of thumb are achieved smoothly in less than 0.1 sec and also in 0.1 sec the speed and angular acceleration was stable. In Figures 15 and 16 presented the desired fine motions in index and middle finger first position such angle, angular velocity and angular acceleration were stable in less than 0.1 sec. The first position for prismatic sliding element response is shown in Figure 17 and the desired translation of 0.02 is achieved smoothly in less than 0.1 sec. 
Conclusion
The physical model of the three finger robot gripper is built using SimMechanics software and the application SimMechanics has also been verified with identical outputs when compared with Simulink simulations. These studies indicate that each finger of the gripper can be controlled using a PD formulation. A novel feature of this gripper is the inclusion of a prismatic sliding element at the end of each finger to facilitate the grippers handling of both large and small compliant components typically found in high speed the dexterous assembly of a domestic gas regulator. PD control is very effectively used to control the trajectory of the fingers and force used to hold objects. The simulation results have been demonstrated that the radius of finger movement is achieved in a very fast and smoothly stable. The fingers must be controlled in a way that mimics the kinematics and dynamics of force thumb and index finger of human hand. Mimicry is necessary to design the right motions and tactile forces necessary to handle the delicate and non delicate engineering components. In the future works, the dexterous grasping of compliant elements will be simulated to evaluate the stability of contact force between fingers and object environment. Cam law design methods will be investigated to obtain the dexterity of grasping objects.
